Abstract. In this report, we present the latest ATLAS results on the measurement of the cross sections and couplings of the Higgs boson in the fermionic decay modes,
Introduction
In 2012, the ATLAS and CMS Collaborations observed a new particle with a mass of approximately 125 GeV [1, 2] in analysing the proton-proton (pp) collision data delivered by the Large Hadron Collider (LHC) [3] . The properties of the discovered particle were found to be compatible with those of a Standard Model (SM) Higgs boson.
Precise measurements of the coupling of the Higgs boson to other SM particles can provide further insight into the nature of electroweak symmetry breaking. Many of those measurements rely predominantly on studies of the bosonic decay modes, H → γγ, H → ZZ * and H → WW * . To study the Yukawa couplings between the Higgs boson and the fermions, and test the mass-coupling relation predicted by the SM, it is of particular importance to measure the direct coupling of the Higgs boson to fermions. The ATLAS experiment [4] has searched the Higgs boson in fermionic decay modes H → µ + µ − , H → τ + τ − and H → bb. The searches are done using three different main production modes: gluon fusion (ggF), vector boson fusion (VBF) and associated production with a vector boson (VH). The ggF mode has the largest cross section among all the production modes. It is used to study the leptonic decay modes H → µ + µ − and H → τ + τ − with clean signatures but low branching ratios. The VBF production mode has the second-largest cross section. It is characterised by two forward VBF jets from light quarks, and a large rapidity gap with low hadronic activities due to no color connection between the Higgs boson and the VBF jets. The VBF mode is used in the studies of all the three fermionic decay modes. Finally, the VH production mode targets a Higgs boson produced in association with a W or Z boson. The leptonic decay of the vector bosons leads to clean signatures that can be efficiently triggered on. The VH mode is used in the studying of the H → τ + τ − and H → bb decay modes.
In 
H
The H → µ + µ − decay is a clean final-state signature to measure the Higgs coupling to second generation fermions. The latest search is carried out using pp collision data recorded in 2015 and 2016 at √ s = 13 TeV, corresponding to an integrated luminosity of 36.1 fb −1 [5] . This analysis targets both the ggF and the VBF signatures. The inclusive signal region is formed by selecting dimuon events with exactly two opposite-charge muons. The dominant irreducible background is the Z/γ * → µµ (Drell-Yan) process. Figure 1 (left) shows the dimuon invariant mass m µµ distributions for data and simulated events in the inclusive signal region.
To enhance the analysis sensitivity, events in the inclusive signal region are classified into eight orthogonal categories. For events containing at least two jets, a Boosted Decision Tree (BDT) [6, 7] is trained to maximise the separation between the VBF signal and the total background. Two VBF categories, VBF tight and VBF loose, are defined from events with high BDT scores. The remaining events that are not selected for the VBF categories, including events with low BDT scores and events with less than two jets, all enter into the ggF categories. These events are further divided into six categories according to the transverse momentum of the dimuon system (low, medium and high p µµ T categories) and the pseudorapidities of the muons (central and non-central categories).
A binned maximum-likelihood fit to the observed m µµ distribution in the range 110-160 GeV is performed simultaneously in all categories to determine the background and extract the signal strength µ, which is defined as the measured signal yield normalised to the SM prediction. No significant excess is observed in data. In figure 1 (right), the observed m µµ distribution in the most sensitive category, the VBF tight category, is compared to the background-only fit. The measured signal strength is µ = −0.1 ± 1.5. An upper limit on µ is computed using a modified frequentist CL s method [8, 9] . The observed (expected) upper limit on µ at the 95% confidence level (CL) is found to be 3.0 (3.1), driven by the data statistical uncertainty. When combined with the ATLAS Run 1 data, the measured signal strength is found to be µ = −0.1 ± 1.4, and the observed (expected) upper limit is 2.8 (2.9) at the 95% CL.
The H → τ + τ − decay has been probed with full Run 1 pp collision data recorded at centre-ofmass energies of √ s = 7 TeV and 8 TeV. The datasets correspond to integrated luminosities of 4.5 fb −1 and 20.3 fb −1 , respectively [10] . All combinations of leptonic and hadronic tau decays that are considered in this analysis, are explored by three analysis channels: τ lep τ lep , τ lep τ had and τ had τ had . To exploit signal-sensitive event topologies, two analysis categories are defined in an exclusive way: The VBF category targets VBF events by requiring the presence of two high-p T jets with a large pseudorapidity separation. The boosted category targets events with a boosted Higgs boson produced via ggF by requiring the Higgs boson to have large transverse momentum. Small contributions from the VH production are also considered as signal. The main background processes include Z/γ * → ττ, top-quark productions, and misidentified taus. The Z/γ * → ττ background is modelled using an embedding technique which uses Z/γ * → µµ events from data. The ditau invariant mass m MMC ττ is reconstructed using the missing mass calculator (MMC) method by solving an under-constrained system of equations for six to eight unknowns, depending on the When combined with the CMS Run 1 data, the excess corresponds to a discovery significance of 5.5σ, to be compared with an expectation of 5.0σ [11] .
Another analysis targeting specifically the VH production mode is performed with 20.3 fb −1 data at √ s = 8 TeV, and an upper limit on the signal strength is set at 95% CL. The observed (expected) limit is 5.6 (3.5). The measured signal strength is µ = 2.3 ± 1.6 [12] .
H → bb
The H → bb decay is expected to have the largest branching ratio of 58% for a 125 GeV SM Higgs boson [13] . Measurements in this decay mode are crucial to constrain the overall Higgs boson decay width. However, an inclusive search in this decay mode is extremely challenging due to the overwhelming background from multi-jet production. Several ATLAS searches have been carried out targeting the VBF and VH signatures.
H → bb in vector boson fusion production
The VBF H → bb search is performed using Run 1 pp collision data at a centre-of-mass energy √ s = 8 TeV, corresponding to an integrated luminosity of 20.2 fb −1 [14] . Although the search targets the VBF signature, any possible contributions from the ggF and VH productions are also considered as signal. Signal events are selected by requiring four energetic jets in the final state: two light-quark jets from VBF process at a small angle with respect to the beam line, and two b-jets from the Higgs boson decay in a more central region. This is denoted as the bb j j final state. The dominant background is from non-resonant multi-jet production. The non-resonant background is modelled using a data-driven method by fitting data in the sidebands of the m bb to an analytic function, which is then interpolated to the signal region. To improve the sensitivity, a BDT is used to exploit the characteristics of the VBF topology and the properties of jets. The input variables of the BDT are chosen to maximise the separation between signal events and background events while keeping them as uncorrelated as possible with m bb , to ensure that the sideband regions provide a good description of the non-resonant background in the signal region. The BDT response of data and the simulated events are shown in figure 3 (left). Events are categorised into four categories based on the BDT response. The boundaries of the categories are optimised by minimising the relative statistical uncertainties.
ATLAS
The signal is extracted using a binned likelihood fit to the m bb distributions in the range 70 < m bb < 300 GeV. The fit is performed simultaneously in all BDT categories. The Higgs signal strength is measured to be µ = −0.8±2.3. The observed (expected) upper limit on the signal strength at 95% CL is 4.4 (5.4). The analysis sensitivity is limited by the uncertainty of the non-resonant background, which is dominated by the statistical uncertainty in the data sidebands used to determine the background.
H → bb in vector boson fusion production in association with a photon
The inclusive VBF H → bb analysis is challenging due to very large multi-jet background contribution and the difficulty in triggering on low p Higgs boson production in the bbγ j j final state is obtained by analysing a set of 12.6 fb −1 pp collision data collected with the ATLAS detector at √ s = 13 TeV [15]. Although the signal rate in the bbγ j j final state is reduced by approximately two orders of magnitude comparing to the inclusive bb j j final state, the signal-to-background ratio is still enhanced due to stronger reduction of the non-resonant background by destructive interference between initial and final state radiation diagrams and suppression in the gluon-induced processes. The high-p T photon also provides a clean signature for efficient triggering. A dedicated trigger targeting the bbγ j j final state is used to select data events.
A similar analysis strategy as the inclusive VBF H → bb analysis is used to analyse the selected events. Events are categorised into three BDT regions (low, medium and high BDT regions). The signal extraction is performed by fitting the m bb distribution simultaneously in all BDT regions. Benefit from the dedicated trigger with lower b-jet p T threshold, the lower m bb boundary in the fit is extended down to 50 GeV, providing a better estimation of the data-driven background description. The fitted backgrounds in the high BDT region are compared to data in figure 4 (right). The measured signal strength is µ = −3.9 +2.8 −2.7 . The observed (expected) upper limit at 95% CL is 4.0 (6.0). The analysis sensitivity is limited by data statistical uncertainty.
H → bb in associated production with a vector boson
The most sensitive production mode for probing H → bb decay is the associated production with a W or Z boson. The leptonic decays of the vector boson lead to clean signatures for triggering while rejecting most of the multi-jet background. The latest search in the VH mode is performed with a Run 2 dataset collected at a centre-of-mass energy of √ s = 13 TeV, corresponding to an integrated luminosity of 36.1 fb −1 [16] . The analysis is split into three channels, denoted by the number of charged leptons in the final states (0-, 1-and 2-lepton channels), exploiting different decay modes of the vector boson: ZH → ννbb, WH → νbb and ZH → bb. Events are further split into regions based on the number of jets and the p T of the vector bosons. The main background processes include contributions of multi-jet production from strong interactions, vector boson production with jets and top-quark productions. Figure 5 shows the reconstructed vector boson mass or transverse mass distributions with simulated background compositions in each channel, and the total background comparing to data. To maximise the sensitivity to the Higgs boson signal, a multivariate analysis (MVA) is setup making use of BDTs. In each signal regions, a BDT is constructed, trained and evaluated separately with a set of observables encoding information on event kinematics and topology. The BDT discriminant from each signal region is used as the main observable in a global likelihood fit to extract the Higgs boson signal strength. The observed signal strength for all channels combined is µ = 1.20
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+0.34 −0.28 (syst.), corresponding to an excess with a significance of 3.5σ, comparable to the SM expectation of 3.0σ. Figure 6 (left) shows the data, background and signal yields where final-discriminant bins in all regions are combined into bins of log(S /B) with S and B referring to the fitted signal and background yields, respectively. When combined with the ATLAS Run 1 data, the measured signal strength is µ = 0.9 ± 1.8 (stat.)
+0.21
−0.19 (syst.), corresponding to an excess with a significance of 3.6σ, to be compared to an expectation of 4.0σ. 
